Transcranial Doppler (TCD) is a common test used for cerebrovascular diseases. Typically, TCDs are done blindly, with no angle correction for any of the intracranial arteries. The authors measured the angle of the middle cerebral artery (MCA), as seen from the middle temporal sonographic window, on computed tomography (CT) scans of the brain. The head CT scans of 100 random adult patients were studied. The angles were measured once on each side by two blinded readers, with 200 measurements per reader, for a total of 400 measured angles. The mean angle of the MCA, as seen from the middle temporal window, is 33.9 degrees. There was no statistical difference between readers. When interrogating the MCA with TCD via the middle temporal sonographic window, it seems appropriate to use a 30-degree angle correction. More research needs to be done to determine the clinical utility of this finding.
Key words: transcranial Doppler, middle cerebral artery, ultrasonography, angle of insonation, computed tomography Transcranial Doppler (TCD) is a common test used for intracranial diseases, particularly cerebrovascular affliction. Some of the applications include determination of the following:
1. atherosclerotic intracranial artery stenosis 1 in the diagnosis and follow-up of subacute arteriopathy of subarachnoid hemorrhage (vasospasm); 2 2. other intracranial vasculitis and vasculopathies, with microbuble contrast for the investigation of right-to-left vascular shunts; 3 3. sickle cell disease in children, to find the threshold for blood transfusion for stroke prevention; 4 4. intracranial pressure, to study the cerebrovascular reserve (functional TCD); 5 and 5. confirmatory tests for brain death. 6 Spectral Doppler sonography depends on the angle of insonation for the accurate determination of blood flow velocity. 7 When performing TCD studies, it is assumed that the insonation angle at which the middle cerebral artery (MCA) on the horizontal plane is interrogated is 0 degrees. The most commonly used TCD transtemporal window is the middle window. We measured the angles of the MCA on the horizontal plane, as imaged on the routinely obtained noncontrasted head computed tomography (CT) scans. It may be that using angle correction would enhance TCD blood flow velocity measurements. In addition, we wanted to compare the measurements by a sonographer versus those obtained by a physician.
Material and Methods
After obtaining exempt status approval from the institutional review board, we proceeded to randomly review noncontrasted head CT scans from 100 adults, which were routinely obtained as part of patient care, on the WebPACS system (Agfa Web1000, Ridgefield Park, NJ). All the CT scans and the MCAs measured for this study were completed during May 2003. The measurements were performed as follows: we located the superior preauricular area (expected middle TCD window) and marked it on the screen. Then, we located the length of the proximal MCA, which may have been at a different level in a different CT slice. Then, using the built-in angle tool from WebPACS, we traced the first line from the expected TCD window to the origin of the MCA; from there, we traced the second line along the course of the MCA, deriving the angle measurement.
The first set of measurements was performed by a sonographer (NM), with one-hour instruction on how to find the anatomical areas of interest and measure the angles of interest ( Fig. 1 ). Subsequently, a neurologist (AJV) with more than five years of experience using WebPACS, blinded to the results by the first reader, performed the measurements on the same patients.
Results
Each observer measured 200 MCA angles, for a total of 400 horizontal plane MCA angle measure-ments. The mean angle measured was 33.3 degrees when measured by the sonographer and 34.7 degrees when measured by the neurologist. Combining both sets of measurements, the mean angle of the MCA in the horizontal plane is 33.9 degrees (range = 5-72; SD = 10.2). Using a t-test for means, with a hypothesized mean difference of 0, the 95% confidence interval (CI) was ±1 (t = -17.87, df = 199, P = 2.9). There were no differences between the measurements made by the two observers. The results of the descriptive statistics are shown in Table 1.
Discussion
Our results indicate that when performing nonimaging TCD, it may be prudent to assume that the angle of the MCA should be corrected by 30 degrees or that the head CT scan should be reviewed, with the angle of the MCA from the middle tempo- ral window measured and used for sonographic interrogation.
The Doppler formula for determining the velocity of flow includes the cosine of the angle as a significant element for deriving the velocity of the interrogated flow. 7 Little has been written on the horizontal angle of the MCAs and the implications that such can have for TCD interrogation.
The data obtained in this study have led us to hypothesize that as a result of the distribution of the MCA angles from the middle temporal sonographic window, with an angle correction of 30 degrees, most MCAs will lie within 30 degrees of the corrected beam. If TCDs are done with 0 degrees of correction, more than 50% of the MCAs will lie beyond 30 degrees from the uncorrected beam (Fig. 2) .
Our angle measurement results are in agreement with results from a study comparing imaging and nonimaging transcranial sonography. 8 This group further described that in about 25% of blood flow velocity measurements, there may be a difference of more than 25% higher velocity in the anglecorrected measurements. In a separate study comparing imaging and nonimaging TCD, the anglecorrected velocities were significantly higher. 9 Limitations of this study include that all the CT scans were done as part of regular patient care, in which it was not possible to correct for the position of the head in the CT gantry for all patients. This did not allow for many MCAs to lie on the same CT slab as the preauricular area, but they were within 1 cm above or below it. On the other hand, this provides everyday clinical applicability.
A more recent report proposes using 3D MRA for stereotactic guidance for TCD, not only for the reproducible insonation of specific vessel seg- ments but also for their angle in relation to the sonographic beam. 10 In other vascular territories (e.g., carotid), the use of "fixed" Doppler angles has been encouraged by using the highest rather than the lowest insonation angle. 11 The use of real-time and colorcoded transcranial sonography may obviate the need to "assume" or to measure the angle of the MCA from the CT scan.
Conclusion
When the temporal middle acoustic window is used for nonimaging TCD interrogation, a correction angle of 30 degrees seems to be the most appropriate, rather than 0 degrees. No difference in the measured angles was obtained when the sonographer or the physician made the measurements. Further research is needed to determine if correcting the blood flow velocity to its angle of flow further improves the clinical sensitivity and specificity of TCD.
